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Every endocranial operation comprises three stages: First stage-s-From the skin to the outer surface of the dura mater. This is the process of trepanation, properly so called, and is a simple operation, with little risk.
Second stage-From the outer surface of the dura to the cerebral cortex. The easy operation of traversing the meninges is, classically, a simple incision of the membranes, but it becomes an extremely dangerous intervention because of the results which it connotes, such as meningitis and cerebral hernia.
Third stage-From the encephalic cortex to the point in the cerebrum or cerebellum which it is desired to reach. This is properly an encephalic operation, variable according to the object to be attained-drainage of an abscess, search for a foreign body, removal of a tumor, etc.-always delicate and serious, but of a gravity which cannot be compared to that of the second stage.
In resume, uncovering the dura mater is of no consequence; it is done often and without danger in the course of a simple mastoid trepanation. Operation on the encephalon is relatively benign; the tolerance of the organ, shown by the harmlessness of exploratory puncture, appears' also to be confirmed by the history of many war wounds of the cerebrum and cerebellum. But passing the meningeal barrier is an eminently dangerous thing.
We can say that brain surgery owes its gravity to the existence of the meninges, or, more exactly, to the subarachnoid spaces, by suppressing this, the prognosis becomes very different. Now, this suppression, this walling off, the surgeon can obtain and profit thereby either by producing it( induced exclusion) or by utilizing preformed "adhesions (spontaneous exclusion) .
Induced Exclusion.-The surgeon may, at the chosen point, transform the meninges into a fibrous coat in the following manner:
For clarity of exposition and because of the frequency of the condition, let us suppose that we are dealing with an encephalic collection of otitic origin, which we propose to find and treat.
The meninges being exposed, we employ the following technic: In no case and under no pretext do we cut the meninges nor use the scalpel. A stout Pravaz needle, a grooved director, a small forceps with smooth jaws (the angled forceps of the otologist, for example) and a filiform drain constitute our entire surgical equipment.
The Pravaz needle is pushed through the meninges and into the brain in the supposed vicinity of the collection. When a drop of pus escapes .through the needle, indicating that its point is in the abscess, the needle is replaced by a grooved director introduced along the needle and thus slightly enlarg-.ing the opening. Most often pus appears in the groove and the abscess is thus partially evacuated. A drain of very small caliber, almost filiform, is then introduced, with the bent forceps mentioned, along the channel' of the director and without tearing the meningeal breach. It is not necessary to fasten the drain, for, contrary to what happens in most drainage cases, it is never expelled. The drain is left in place twenty-four to forty-eight hours. In time it acts, not as a drain, but as an irritating foreign body, tending to create meningeal adhesions. In fact, the meninges about it are changed to a fibrous covering, as we have found constantly in the five cured cases later described and carefully examined at autopsy. N ext day, or on the second day after, at the first dressing the opening may be enlarged. This can be done in different ways: a drain slightly larger than the first can be introduced, or, with a very fine bistou-ry, the fibrous ring about the drain can be incised for one or two millimeters, carefully avoiding going beyond the transformed area in the meninges. Into the breach thus made, which, let it be repeated, must not go outside the fibrous thickening, a drain of desired caliber is then introduced. The latter then begins to play its role, not only of drainage but also that of a foreign irritant about which and for some distance away the meninges undergo a fibrous change, Every day, for upwards of a week, the dressing is repeated in the same manner. A drain of larger and larger size is put in, which enlarges the meningeal opening, increases the fibrous area and thus gradually removes the arachnoid spaces from the drainage channel.
When the channel measures six or seven millimeters in diameter the patient can be considered well on the way. to cure. There remains only to watch the drainage of the abscess. ' By this technic we avoid the two great complications, both frequent and dangerous, which we nearly always have after incision of the meninges, namely, meningitis and hernia. Meningitis is prevented by the same process by which general peritonitis is averted in a case of appendicular abscess. The pus from a brain abscess is drained without invading the meninges the same as the pus from the appendix has been drained without involving the peritoneum. Walling off the arachnoid spaces is like walling off the greater peritoneal cavity, excepting, of course, that the exclusion of the peritoneum is spontaneous while that of the meninges is induced.
As to cerebral or cerebellar hernia, it cannot ensue, because the brain, instead of finding an opening, meets a barrier, and that a reenforced one.
A patient with a cerebellar abscess treated in this way, who died of a second cerebellar abscess developing after the first was progressing to a cure, has furnished us with proof. In this case at autopsy the existence was clearly shown of a dense, resistant ring about the drain, and beyond the ring the microscope revealed nothing.
Following are five cases of brain abscess of otitic origin which we have treated by this method, all of which resulted in a cure. In the first, which is described in detail, there was a cerebellar abscess resulting from a suppurating otitis media of traumatic origin, and the operative technic described was employed. The patient was also looked after from a neurologic viewpoint by my friend, Tournay, and it is intended to present the case before the Neurologic Society. The four other cases, given in brief, were at the Lariboisiere, where I had the honor of substituting for my chief, Dr. Sebileau. The patient, Private B. C., of the l04th Inf., was wounded Nov.ember 5, 1916, at Douaumont by a shell bursting fifty meters to his right, producing a tympanic rupture. Middle ear suppuration followed, then mastoiditis, for which a trepanation was done December 5th. On January 14, 1917, he came to the otolaryngologic center at Vichy, with the following notation: "Copious suppuraiton from the mastoid wound; osteitis of the antrum." On February 4th I was called in consultation by the chief of the center, Chouquet, who suspected a brain lesion because of the following symptoms: Headache, vomiting, slight cerebral torpor, papillary stasis, pulse 50 to 60, temperature varying from 37.7 0 to 38.2 0 C., exaggerated reflexes, especially on the right (the side of the presumed lesion)', plantar reflex marked in extension, nystag-mus on looking obliquely, and slight vertigo. When asked to touch the tip of his nose with his index finger he did not execute the movement properly with his right hand. Socalled "marionette" movements were also difficult for the right hand. With these symptoms present, I confirmed the diagnosis of a brain collection and thought of a cerebellar abscess.
Operation was done the same day and following are the notes: The bone lesions were very extensive, necessitating resection of the antral roof and exposing the sinus in its entire vertical portion as well as the brain in front of and behind the sinus. Three punctures with the Pravaz syringe were made posterior to the sinus. 'The first, pushed to a depth of 3.5 centimeters, brought only thick, reddish cerebrospinal fluid. Another puncture of the cerebrum resulted only in fluid of a very slightly altered appearance. Again the cerebellum was punctured, but this time in front of the sinus. The needle had hardly penetrated to 2.5 centimeters depth when a drop of pus came from the free end.
Through the puncture an aurist's forceps with smooth jaws slightly opened was then introduced, permitting the evacuation of a liquor glass full of clear reddish yellow pus.
A very small drain was passed with slight difficulty through the meningeal opening immediately in front of the lateral SInUS.
Bacteriologic examination of the pus by Dr. Demoulieres gave the following:
Fluid from the cerebral puncture, sterile. Fluid from the cerebeJlar punctures, in front of and behind the sinus, streptococci in pure culture.
First dressing February 6th. Dressing removed with escape of a spoonful of reddish purulent fluid under pressure. A drain of slightly larger caliber was introduced with great difficulty.
Neurologic examination by Dr. Tournay: Tendon reflexes of lower limbs slightly greater on right, especially the pateJlar. Extension of the big toe to the right. Fibrillary twitching on the right. Upper limbs: Dyssymmetry of right arm.
February 7th, second dressing: Immediately on removing the drain reddish fluid, then frank pus issued from the cavity. Insertion of a slightly larger drain. The meninges about the drain did not yet show any tendency to fibrosis. However, there was no meningeal reaction nor any tendency to hernia. The vomiting, which disappeared after operation, has given place to a slight nausea.
February 8th, third dressing: The size of the drain was slightly increased.
February 9th: The ordinary rubber drain was replaced by a fenestrated hard rubber drain specially made in the prosthetic laboratory by Dr. Bennajeant. . Neurologic examination: No change since the previous examination, although it is evident that the right forearm reflex is stronger than the left. Babinski's sign is marked. The right hypermetry is easily demonstrated both for the upper and lower limbs. When commanded to touch the tip of his nose with his index finger the patient quickly points to his left eye, passes beyond the root of the nose, then slowing his movement with evident effort he finally and hesitatingly touches the nasal tip. Likewise when told to put his right heel quickly on his left knee he carries it up to the anterior surface of the thigh to a hand's breadth below the hip joint, then slowing his movement in a second effort he brings his heel to the knee.
In the "index test," when the patient executes horizontal movements, he shows a marked tendency to spontaneous deviation downward. This deviation is not seen on movement in the sagittal or frontal plane.
February 10th, fifth dressing: The vuIcanite drain has been well borne. After cleansing, it is replaced and . pushed in deeper, allowing thick yellowish pus to escape. There was probably a still deeper collection which the drain thus reached and permitted to evacuate.
February 11th, sixth dressing: Locally, the appearance of the wound is very satisfactory. The fibrous, meningeal, walling off ring is perfectly established. However, the headache and vomiting have reappeared.
February 12th, seventh dressing: Contact of the drain with the anterior wall of the sinus has undoubtedly caused an erosion of the latter. Extraction of the drain caused a copious hemorrhage. The sinus was tamponed, no drain.
Neurologic examination showed no change of symptoms, save in the "index test." When the right uPI?er arm performed movements in the horizontal plane the index deviated downward, as in the preceding test, the deviation amounting to 25 centimeters. Moreover, in movements in the sagittal plane the finger deviated to the right, which it did not do in the previous trial, the deviation being 25 centimeters, There was never any deviation in the frontal plane.
February 15th, 16th and 17th, tenth, eleventh and twelfth dressings: Local conditions quite satisfactory. Drainage perfect. The mastoid wound shows a tendency to fill too rapidly, and a compressing dressing was applied to it. The patient declares that on certain efforts, in particular when he attempts to pass gas, he feels vertiginous sensations; seeming to him as though he were turned on his feet like the hands of a watch, the left shoulder being carried forward February 18th, 19th, 20th, thirteenth, fourteenth and fifteenth dressings: The granulation of the abscess cavity tends to expel the drain. The latter is replaced by another vulcanite tube, shorter but longer. The general condition is good. Only the vomiting persists and this seems to be due to irritation of the vestibular passage (Deiter's nucleus) rather than to the cerebellar abscess itself.
Neurologic examination indicates an attenuation of the signs of pyramid irrittaion (tremor) and certain cerebellar symptoms. The index test in the vertical plane with the entire arm still shows deviation downward of 25 centimeters. But there is no deviation when he uses only his hand. Besides, there is no deviation in the horizontal plane. Nystagmus, on the contrary, is more marked. The oculocardiac reflex is slightly exaggerated (22 to 50).
February 26th, daily dressing is continued: Suppuration has diminished considerably. Granulation has reduced the length of the drain to 1j5 centimeter, but not its caliber. No vomiting for two days. General condition excellent. N eurologic examination shows change. Reflexes are almost normal. Plantar irritation sometimes, but not always, elicits extension. As to the cerebellar symptoms, they are reduced to a slight vertigo.
March 5th. No dressing for thirty-six' hours. The drain has been expelled. Only a simple mastoid dressing is applied, but taking care to put the end of the wick in the little cavity of the meningeal layer, the granulation of which is fusing with the granulation of the mastoid wound.
March 16th Nystagrnuh calorie reflex (water at about 20 degrees C.), normal on both sides.
Rotary nystagmus reflex (10 turns in 20 seconds) abolished on the right, normal on the left. Voltaic vertigo: Positive on the right, beginning of inclination at 4 m. a. Positive on the left with backward traction at 10 m. a.
April 22d. Both from the general and local viewpoints the patient may be considered cured. He is sent on for convalescence.
February 20, 1918. Twelve and a half months after operation he shows no pathologic signs other than slight intermittent headache, tinnitus in the right ear, with marked diminution of hearing on this side, and abolition of the right rotatory nystagmus reflex, while the calorie reflex is retained. Private B. was then recommended for the Auxiliary Service. This was a woman, Eugenia M., aged 26. August 15, 1911, she was admitted to the service of Dr. Sebileau, whom I re-placed. She was in coma and her history, taken previously, was as follows:
Anamnesis: Chronic (?) otorrhea dating from infancy, recurring three years ago, subsiding, then recurring again four weeks ago. About July 20th the patient, who was near the end of pregnancy, began to have extremely violent headache. The headache, which was temporal and bilateral, did not respond to analgesics and was so severe that it prevented sleep. Accouchment of her child, a healthy full term boy, took place July 31, spontaneously and normally. August 11, the patient . left the midwife's sanitarium and went home. The headache, which had never ceased to be violent during this period, increased still more. August 15 the patient, in coma, was taken to the Lariboisiere. Syrnpotms on entry: On the morning of the 16th when I examined her the coma was absolute. There was a marked deviation of the head and eyes to the left, contraction of all four limbs, distinct exaggeration of all the reflexes and fibrillary twitching of the right arm. Respiration was stertorous and the tongue dry. The pulse was slow~), but varied from moment to moment. Temperature 38°. No reaction of a meningeal character, except the Kernig sign. Lumbar puncture showed numerous polynuclears and a few lymphocytes but no microbes in the fluid. Immediate intervention was determined upon.
Operation.-Under chloroform anesthesia a classic opening of the petromastoid was made. In the vicinity of the antral roof and the tympanic cavity at least two centimeters of the dura mater was covered with granulations. With the Pravaz needle the temporal lobe was punctured immediately, causing an issue of fetid yellowish serous pus; on being examined it was found to contain many cocci-staphylococci and some chains of streptococci. The grooved director was introduced into the meningeal wound and the pus flowed through the groove. Then a small drain replaced the director. No plastic. Dressing with gauze and zinc peroxid. The pulse, which was 55 at the beginning of the operation, rose to 94 after, but the patient remained in coma for 18 hours.
Operative Results.--On the evening of August 17 the pa-tient responded to questions and insistently demanded food and drink.
August 18 (24 hours after operation) the cerebral condition was normal and her lucidity was such that the anamnesis above related was obtained. Contractures had disappeared and the limbs were supple, only a slight stiffness of the neck remaining. Violent frontal headache was complained of by the patient. From this time on dressings were changed daily. For a week the size of the drain was increased a little every day in order to increase the meningeal breach gently and progressively; its borders took on a fibrous consistency on the fourth day.
For three weeks variations of temperature and pulse were noted. Changes in her general condition were in proportion to the greater or lesser efficiency of the drainage. Every time that we attempted to abolish the drain the temperature mounted, the pulse slowed, and the headache reappeared.
September 9, the flow having ceased and the cavity being partially filled, the drain was discontinued. Her condition was such thatsshe began to sit up.
September 21, a plastic was done under chloroform. Thereafter the dressing was applied through the canal.
November 15 she left the hospital, having had no complication other than a mild chrondritis due to bacillus pyocyaneus. February 24. after 43 dressings, the wound was completely epidermized.
For a period of two years I saw the patient from time to time. During this time she had three attacks with the following symptoms: Violent headache for two or three days, then for 24 to 36 hours a continuous discharge of cephalorachidian fluid which apparently came from the old meningeal wound, then a sudden stoppage of the discharge and return to normal. Mme. T. H., aged 25, entered the Lariboisiere November 2, 1911. She was four months pregnant. No previous history. Questioning the patient was difficult, however she made it understood that for a fortnight she had suffered with her left ear, having tinnitus and deafness, and for about a week her ear had been suppurating. It was also learned from her story that for several days preceding admission she had been stuporous, the hebetude going on to attacks of mild delirium, although between attacks she recognized persons and things without being able to name them. In addition there were frequent vomiting, very intense, left hemicrania and persistent insomnia. The hemicrania necessitated topical applications, effects of which, such as blisters and crusts, could be observed on the left frontal and temporal regions.
These phenomena have rather lessened during the past tli.ree days; the headache has become less intense and the hebetude less marked. November 2, when examined on entry, she showed marked mental trouble. She manifested both cerebral stupor and paraphasia. Either she gave a meaningless name to things that were shown her or she erred in their appellation. 1\1ost objects she called "plate" (assiette) and realizing that she was wrong, grew impatient. If the object was named for her, she repeated the word but by her manner showed her doubt of the name announced. There was no verbal deafness. On the other' hand, there was a slight dysgraphia; she wrote at dictation with numerous errors and soon stopped, showing great fatigue. The word-blindness was more evident; in copying a text she made many mistakes and changed the words until they were unrecognizable. She spelled fairly well but read with greater difficulty.
Reflexes: The right patellar reflex was plainly exaggerated, and the Babinsky positive on this side. No signs of meningeal reaction.
As to the eyes, the pupils were normal, no nystagmus, no motor paralysis, fundus not examined.
Locally there was a slight discharge of thick pus from the ear. The posterosuperior canal wall was bulged so that the drum membrane could not be seen. No external changes over the mastoid; it was tender to pressure, especially over the antrum. Percussion was painful in this region, also in the frontal and temporoparietal regions. Temperature, 38.2 0 C.; pulse. 80; respiration, normal; no albuminuria.
Operation, November 4.-Classic mastoid trepanation. Pus under tension was found in the antrum. There was a marked osteitis about the canal of the facial, which was almost totally destroyed, of the tip, which was resected, and of the antral roof, which no longer existed. At this latter point the dura was red and granulating. During the night following the operation the patient had two attacks of Jacksonian epilepsy.
November 5. The patient was very restless, the cerebral symptoms were mor~marked, and it was decided to go through the meninges. Near where the antral roof had been the opening through the bone was enlarged and with the Pravaz needle three punctures were made in the cerebrum. The one farthest anterior, which corresponded to the anterior portion of the sphenotemporal lobe, under slight pressure brought some very fetid brownish pus. The grooved director was introduced in the meningeal wound, distending it .. Pus came out the groove. Then the director was replaced by a filiform drain 3 c. m. long. In the evening the temperature remained hizh (40°C.), the patient was delirious and the facial expression was changed. November 6 the temperature was 37°C., the general condition was less disquieting and the patient spoke. From this time on the cerebral phenomena and general symptoms diminished and rapidly disappeared. For two weeks the dressing was changed every day. At the beginnig the drain was changed daily and increased in size until it reached a caliber of 25. A few times the cavity was lavaged with boiled water with a little hydrogen dioxid added. Little by little the drain was shortened without changing its diameter, and on February 17, after 29 dressings, the patient, who had long before left the hospital, was well. I saw her six months afterward. Her accouchment had taken place normally.
RECOVERY.
A yoting man of 37, a government representative, in the course of an acute suppurative otitis, developed an abscess of the left sphenotemporal lobe.
During the early period of the trouble its evolution was that of a simple mastoiditis, and only one symptom, persistent headache, aroused fear of a complication.
In the second period, which began three weeks after mastoid trepanation, two groups of symptoms appeared. In one group there were slight signs of meningeal reaction-stiffness of the neck, Kernig-and in the other there were signs of involvement of the left temporal lobe-paraphasia and wordblindness. Papillary stasis directed the diagnosis plainly to an encephalic collection.
Operation was performed as in the preceding case, applying in still more systematic fashion the method described of walling off the meninges. It should be noted that the abscess was superficial, its internal limit being 3.5 em. from the cortex and its external wall only 6 or 7 em. from the meninges. This condition explains the very slight signs of meningeal reaction observed and the aseptic character of the cerebrospinal fluid. Cure took place in five weeks, dating from the second operation, by granulation of the abscess cavity and mastoid wound, Contrary to the preceding case, the paraphasia went away very slowly, being the last symptom to disappear.
CURE.
(Resume of a report to the Surgical Society, December 16, 1912, by Sebileau.)
The patient, a young farm laborer, aged 20, having chronic otorrhea with recurring suppuration, entered the Lariboisiere with the following symptoms: Old right otorrhea, with abundant and very fetid suppuration, slight mastoid reaction, headache, vomiting, slowing of pulse and slight fever.
Operation was done in two stages. On opening the mastoid there was found an osteitis of the antral roof. After this the symptoms persisted except that the headache was less. The abscess was found by exploration with the Pravaz needle introduced through what had been the roof of the antrum into the right temporal lobe. At a depth of 3.5 em. a brownish, somewhat thick fluid escaped, which on bacteriologic examination showed the presence of bacillus pyocyaneus. A drain 1 mm. in diameter and 4 em. long was introduced.
Operative Results.-No meningeal reaction, no tendency to hernia.
The pus was evacuated through hard rubberfenestrated drains with progressively increasing caliber. The cerebral abscess healed in four weeks without any sequelse, The wound, on which a secondary plastic was done, was cicatrized in three and a half months.
Six months after leaving the hospital the patient wrote from St. Quentin, where he resided, that nothing in his condition recalled his former trouble.
This method of walling off the subarachnoid spaces for brain abscesses of otitic origin I have also applied to cerebral collections following war wounds.
For the moment we shall discuss fhe purely encephalic closed collections and not those with fistulse and meningeal changes.
In such cases we proceed' exactly as in brain abscess originating from the ear. The same technic gives the same results. But here there is a new, element-spicules, bits of clothing or various foreign bodies enclosed in the abscess cavity or near it. These tend to provoke exacerbations or recurrences. They modify both the method of drainage and the eventual prognosis, because they are capable of causing the death of an apparently cured patient. In spite of all this, the principle of walling off the subarachnoid spaces remains absolute, since it always averts meningitis and hernia of the brain.
For example, here in the case of a cerebellar abscess in which the patient left our service perfectly cicatrized and apparently normal, yet died, it appears, five or six months after the operation of an unknown affection, no doubt a recurrence. CASE VI.-ABSCESS OF CEREBELLUM OF TRAUMATIC ORIGIN. Private D. was wounded at Hill 304, May 27, 1916, by a bursting shell, near the right occipital region. The projectile was extracted in the ambulance. During the following days the patient showed marked agitation; lumbar puncture yielded hemolyzed fluid.
June 4 trepanation showed that there was a depression of the skull for about 2 em. in the inferior occipital region near the median line. Some spicula-were extracted and, the dura mater being adjudged intact, the operator used only a gauze drain. Soon there appeared vomiting of water and bile, considered to be of gastric rather than cerebral origin.
June 30, the woundedman arrived at the Otorhinolaryngolic Center. At this time and for six weeks he had no symptoms on which a precise diagnosis could be made. There were only a slowing of the pulse to 55, infrequent vomiting with no particular character, a state of depression rather than somnolence, and vertigo which obliged the patient to stay in bed. About August 20 the symptoms became more definite; the vomiting was more frequent, the occipital headache was paroxysmal, the pulse, always slow, especially when the patient slept, became small, frequent and filiform when he performed any movements.
This condition continued until September 15. On that date there was an exaggeration of the reflexes, mild on the left, marked on the right. The right side showed clonus and Babinski. No nystagmus, no adiadococynesis. Examination of the oculre fundi indicated bilateral papillary stasis.
Operation, September 18: Occipitonuchal incision, in the path of the original cut. The trepanation opening was enlarged. The dura mater showed adhesions to the integument in the trephined area and to the bone in its lower portion. Attempt was made to separate the adhesions from the cerebellum, and this seemed to cause a marked bulging of the ecrebellum. A Pravaz needle introduced into this bulge brought a teaspoonful of yellowish pus which microscopically showed streptococci. A very small sized drain was introduced through the meningeal breach to a depth of 3, em. An opening was made in the skin covering to correspond with the opening in the bone, in order to permit drainage and observation of the wound.
Operative Results.-Almost immediately there was a disappearance of the vomiting, diminution of the headache and return of the reflexes to normal. The caliber of the drain was increased after the first dressing and its length was lessened after the twelfth dressing. The existence of the fibrous exclusion ring was noted on the fourth day. At no time was any tendency to hernia noted. In the first days the drain did not drain; it simply performed its work of exclusion, and the pus was evacuated each morning on withdrawing the drain. A cotton carrier put in to a depth of 3.5 c. rn. brought out the pus which was not spontaneously expelled.
October 10, the patient was able to get up. November 28 the drain was abolished. December 15, the wound was com-pletely cicatrized. March 30, the patient showed no symptoms other than a slight exaggeration of the rotation reflex. He was considered cured and sent to convalescence.
We learned in June that he had died suddenly. Finally, with regard to artificial walling off of the subarachnoid spaces, I would say that this method applies to the extraction of war projectiles from the brain, whether the extraction be through healthy meninges or meninges that have regained a normal appearance objeotively. Removal of the projectile is done in two stages: the first or preparatory stage being the walling off, and the second being the extraction proper through the walled off membranes. Private G. P., of the 159th Regt., Infantry, was wounded September 10, 1914, by a bursting shell. A double trepanation was done, one over the posterior, the other over the inferior portion of the left parietal region, but the foreign body was not extracted.
In May, 1915, the patient, whose wound had healed, but who had epileptiform crises was discharged.
April 27, 1918, the epileptiform crises had become increasingly frequent and he was hospitalized at the Vichy neurologic center.
Examination: Headache, right hemiparesis, with exaggeration of reflexes, right plantar extension reflex, frequent attacks of Jacksonian epilepsy. By radiography the projectile was localized not far from the upper end of the Rolandic area and its extraction advised.
First operation, April 30, 1918, for exclusion of the subarachnoid spaces. Under local anesthesia with adrenalized novocain, 1/200, the anterior superior trepanation was enlarged with bone forceps. In this region the meninges appeared to be covered with a thin' layer of fibrous tissue, but at the periphery where they were freshly exposed they appeared normal. With a fine trocar the meninges were punctured, and under the guidance of the fluoroscopic screen the instrument was directer toward the projectile. It should be stated that the insertion was made slightly below the foreign body to avoid the lateral sinus and slightly behind to avoid the upper part of the Rolandic zone, making the path of the trocar somewhat oblique. The trocar was replaced by a 3 rnm, drain. April S. Drain of 5 mm. inserted.
April 7: A fibrous ring is seen about the drain, whose caliber is now 7 m. m.
April 8. Drain of 8 mm. diameter. Meningeal changes about the drain are very plain.
April 9. Drain of 9 mm. April 11. Second Operation-s-Local anesthesia; intermittent employment of fluoroscope. A metal tube, specially made in my workshop, was introduced through the meningeal opening. The tube thus served actually as an encephaloscope. Dr. Surrel, who managed the fluoroscope, announced the relations between the end of the tube and the missile. I attained contact with the proj:ectile after breaking a path and making a real endoscopy of the brain by means of a head mirror.
Nevertheless I did not discover the projectile at the moment when Dr. Surrel stated that the tube was in contact with it, because there was a capsule surrounding the projectile sufficiently dense to hide it from plain view but thin enough to locate it by the transparency on closer examination. The. capsule was broken by a cotton carrier, and under direct vision the foreign body could be moved slightly. Then with a foreign body forceps from our bronchoesophagoscopic kit I seized the missile and brought it out together with the encephaloscope.
The operative results were simply those of a cerebral abscess with scanty thin pus, containing staphylococci and a few tetragenes; healing occurred in five weeks.
Cicatrization was accomplished by granulations that expelled the drain which Was slowly shortened but increased in caliber.
It should be stared that during the first five or six dressings the insertion and extraction of the drain and especially the introduction of a cotton carrier, produced limited epileptic crises without loss of consciousness the same as he had had and feared before, following the same modality but not with as great intensity. On the right there would be clonic contraction, then successively tonic contraction of the finger, hand, all of the upper limb, finally of the face, and sometimes also the leg. Twice the attack was generalized and was then accompanied by loss of consciousness. Each time the pupils dilated considerably just before the attack began.
June 5, the patient was sent out. The wound was well cicatrized. Since extraction of the projectile there had been no epileptic attacks except those produced by the act of dressing. A little headache and left hemiparesis persisted. Neurologic examination: Negative. October 15. Operation with the object of walling off the meninges which would ultimately permit extraction of the projectile. This was done under fluoroscopic control. When the frontal sinus was trephined and its posterior wall removed the meninges seemed objectively normal. The fluoroscopic screen showed that the projectile was situated 4 or 5 mm. internal to the meninges as indicated by a probe placed in contact with them. The meninges and brain were punctured with a fine trocar. The screen showed contact of the trocar with the foreign body at the same time that the operator felt metallic contact.
A small drain was introduced into the punctured opening. October 17, the drain was removed, followed by the escape of cerebrospinal fluid; it seemed that adhesions had not been set up. A drain of 3 m. m. diameter replaced its predecessor. October 19, there was no escape of fluid on taking out the drain. This time the meninges seemed to have reacted and a drain of 5 mm. was put in with difficulty. October 21, a fibrous ring was plainly in evidence; drain of 7 mm. October 23, second operation, extraction of the projeotile. This was done under local anesthesia with screen control. The projectile was brought out to the meningeal opening with a curette and seized with a forceps. Accompanying it was a scale of bone from the entry wound which had been carried in by the missile.
Operative ResuIts.-For three days the local evolution was normal, the meninges organized in the usual way. October 27, fever appeared, with slight delirium and signs of encephalitis. These symptoms continued to aggravate and the discordance between the local and general conditions was striking. November 21 the patient died. Autopsy showed a frank circumscribed encephalitis and meningitis of the right hemisphere almost exclusively, the left frontal lobe, on the contrary, presenting a cerebral wound in process of granulation with normal meningeal adhesions about the drain. To sum up, the patient died of right cerebral lesions developed from the wound of entry and the first part of its intrahemispheric path.
SPONTANEOUS EXCLUSION.
By way of summary, what do we accomplish by inducing a subarachnoid walling off? Simply that we obtain at will the course usual in a septic meningitis progressing to a cure and ending in a subarachnoid exclusion. The conception of this spontaneous exclusion I have acquired from the practice of otology. An old principle of aurists demands that the procedure in the course of operation for mastoiditis complicated with intracranial lesions shall follow the path of infection-c-i'follow up the lesions," as they say. Now we should remember that, however empirical this principle may seem, it has been demonstrated by experience as being perfectly valid. In fact, it is undeniable that an abscess of the ternporosphenoidal lobe heals more often when it is opened by way of the tegmen tympani or antral roof than when it is attacked through the temporal fossa. No doubt it is because by following the former path we go through meninges which though of course not completely excluded have nevertheless formed some adhesions, while in following the temporal route we attack normal meninges, without defensive organization, and thus are taken at a disadvantage. But these considerations are somewhat theoretical and consist partly of hypothesis. The example furnished by the shirt button abscess, "en bouton de chemise," is even more convincing. The literature reports some cases of brain abscess which eventual v drained themselves externally. It is logical to suppose "that in these cases the pus could not have been evacuated except through meninges organized against the infection. Moreover, in a case of this sort I have just verified anatomically the correctness of this assertion; at autopsy I found an old cerebral abscess emptying into a mastoid (which was itself fistulous) through a meningeal breach the circumference of which constituted an actual fibrous ring.
Here then are positive facts gathered from war surgery which bring support to our theory and I think have striking value. War surgery has allowed us to observe many cases of brain wounds proving that every meningeal injury, if the evolution of an infectious process is not too overwhelming, reacts by forming adhesions which completely exclude the subarachnoid spaces.
These facts are noted in: Traumatic cerebral collections. Foreign bodies in the brain. Brain wounds with or without hernia.
CEREBRAL COLLEC'I'IONS FOLLOWING WAR WOUNDS.
When the brain is injured by a projectile it is most often accompanied by foreign substances, such as spicules from the cranial vault, bits of clothing, hair, etc., which cause suppuration. Certainly, it is possible for the meninges to cicatrize normally and the cerebral collection thus to be closed. We have beheld such an instance as described previously and have shown that in treating this kind of suppuration it is necessary first to exclude the subarachnoid spaces.
But most often the meninges do not close; they organize and we have a fistulous cerebral abscess; actually a "shirt button abscess" has thus been created.
Following are three cases of this sort in which new formed adhesions existed about the fistula; the adhesions being scrupulously respected were reinforced and extended by the employment of a sufficiently large drain just the same as in artificial exclusion. In this way the case becomes similar in all respects to one of artificial walling off and the same technic is applied.
In the first case the fibrous exclusion ring was perfectly recognizable. In the third case it should be mentioned among other things that when we operated, the meninges, which had been widely opened by the projectile, had not undergone the fibrous process and consequently did not occasion sufficient resistance to the outward push of the brain. The cerebral hernia become more accentuated up to the moment that the drain provoked fibrous changes; after the formation of this barrier the hernia. persisted but did not increase.
The second case is no less striking in respect of the production of a fibrous ring. 'When by the employment of drains graduated in caliber the diameter of the ring became sufficiently large, two or three spicules of bone came out of the abscess cavity. Eventually it was necessary to take out two more which were deeply situated. After their extraction the wound cicatrized normally. Corporal C. M. was wounded June 16, 1918, by an air bomb at Oguon, He sustained a small cranial wound and a large wound in the masseteric region with a Y-shaped fracture of the lower jaw on the left side. The latter received most attention. However, on September 21, the cranial wound not cicatrizing and suppuration persisting, the fistula was explored. Nothing abnormal was found. The bone did not seem necrotic and the meninges seemed healthy ; the edges of the skin wound were excised and the wound sutured.
October 22, the patient was shown to me. I noted simply a rather abundant suppuration from the fistula which had recurred and a headache which varied according to the purulent discharge. Neurologic 'examination revealed neither motor nor sensory trouble of cerebral origin; patellar and Achilles reflexes equal, plantar flexion; pupils equal with normal reaction; visual field normal; fundus normal.
October 23, operation. Local anesthesia with adrenalized novocain, 1/200. Exploration of the fistulous tract after making a circular flap over the frontotemporal region and detaching some anterior fibers of the temporal muscle. There were found:
1. Fungosities in the bony opening (size of 50 centime piece) produced by the traumatism.
2. After enlarging the opening, the existence of a small meningeal track about which adhesions had formed, thus accomplishing a spontaneous exclusion of the meningeal cavity.
3. A pocket of pus with its bottom 4 ern. from the cortex. A drain of small size was introduced forcibly into the fistula; it served both for drainage and for the walling off process.
An opening was made in the center of the flap, which was then put in place and sutured.
October 25, the poinit: had been gradually reached where it became possible to introduce a drain of 8 mm. diameter. Headache had disappeared. No longer was there any pus retention, the cerebral pulsation, which' 'Was well marked, having aided in evacuating the collection.
November 13, examination of the cavity with the encephaloscope showed that it was beginning to fill by granulation.
December 10, progress was slow but normal. The pus was less and less abundant, and the drains, though slightly augmented in caliber, were progressively shortened. On admission he complained of intermittent headache and vertigo. The operation wound had healed save in its lower portion, where there was fairly abundant pus. During the following days the headache and vertigo increased in intensity and the suppuration was greater. There were noted papillary stasis, exaggeration of the Achilles and patellar reflexes on the left, and Babinski on this side. Radiography showed a projectile 3 or 4 millimeters in size, situated near the internal aspect of the right hemisphere, quite near the median line, at the intersection of a vertical line through the middle of the sella turcica and a horizontal line joining the superciliary ridges.
Operation, July 11. Curvilinear incision tracing the one made at the first operation. The meninges seemed to be covered with fungous granulations which were curetted. At the center of the denuded area was a loss of substance, through which pus came from the depths, and through which there must have been an escape of brain matter. It was noted that the rounded opening, which had a diameter of 3 or 4 mm., was surrounded by a very resistant fibrous ring. A drain 3.5 em. long was introduced through the ring. A fenestrum was made in the skin flap and the latter was sutured.
August 15, the wound was pretty well cicatrized, but a small fistulous orifice persisted through which a drop of pus welled out of mornings.
August 27. For two days the headache had been more violent and the purulent discharge more abundant. In the dressing were found two spicules, measuring respectively, 1Y; and 2 mm. in length, Careful sounding of the sinus revealed another large and only slightly mobile spicule at the bottom.
September 12 at 7 a. m., there was an attack of aphasia and agraphia lasting about 10 minutes, with slight foam on the lips and not accompanied by loss of consciousness. The same day at noon there was another crisis of aphasia and agraphia, this time with loss of consciousness. (It should be noted that the patient is left handed in reflex acts.) September 16 occurred a typical attack of Jacksonian epilepsy, involving the face, left arm and left thigh. The duration of the attack was three hours, with convulsions lasting ten minutes. In the even-FERNAND LEMAITIU:.
ing there was impairment of speech without actual aphasia. Exaggerated reflexes and Babinski on the left side.
September 19. No renewal of the attacks, but there was a constant slight interference with speech. Marked papillary stasis on both sides .. On exploration of the fistula the spicule could be felt at a depth df 4 or 5 em.
Second operation, September 21. Vertical incision. A forceps introduced into the fistulous track enabled appreciation of the resistance of the meningeal ring. With the forceps two spicula-were extracted, one, quite large, situated 1.5 em. from the orifice, the other, smaller, 4 em. deep. Drain.
From this time on the patient behaved exactly like one with a brain abscess in process of CUl1e. It should be stated, however, that there was a slight meningeal reaction characterized by a Kernig, some vomiting, and for 15 days, a diplopia due to paralysis of the night external motor oculi. At the second and third dressings the discharge 'had an only consistence and appearance, with a few strings of pus in it. During the period there Were two crises of general epilepsy, one of five minutes and one of ten minutes' duration, twelve days apart and followed by lighter and lighter attacks of .Jacksonian epilepsy.
Februarv 25, the wound was completely cicatrized. The patient had only a left hemiparesis and plantar hypoesthesia.
Last February, three years after the last examination, I had news from him. He still complained of a slight headache but of that only. Operation, July 11. Classic mastoid incision, prolonged above to the temporal fossa, and a horizontal incision extend-ing to this at the mastoid border. All the upper part of the mastoid region and adjacent temporal fossa showed considerable shattering. Especially notable were: 1. A spicule which had penetrated into the lateral sinus. On removing the spicule the sinus bled copiously.
2. Destruction of the entire lower third of the temporal fossa. Five or six spicules were in the cranial cavity; some compressed the meninges, others had perforated.
3. A brain abscess (sphenotemporallobe) which had opened in the region of what had been the antral roof, the orifice giving issue to pus and brain matter. A No. 26 drain was introduced to a depth of 5 or 6 c. m.
Operative results: July 16.-Diplopia, slight photophobia, papillary stasis, and paralysis of the external motor oculi on the right-that is to say, the side opposite to the wound.
July 27. Same symptoms. There was also a right facial paralysis from which it was concluded that there existed a meningeal lesion limited to the apex of the petrous. Locally the drain, which was changed daily, gave issue to pus and sphacelated brain substance. About it the meninges were thickening. Nevertheless there was a tendency to cerebral hernia which was restrained by a pressure dressing.
July 30. The hernia had reached the size of a small nut. It could not exceed this volume because of the fibrous transformation of the meninges about the drain and the firm adhesions between the meninges and mastoid wound. Thenceforth evolution was normal, and on December 1 the officer showing only a slight brain hernia, covered with new formed epithelium, and some trouble with speech and memory, was sent to the neuropathologic center.
When seen again in February, 1919, more than two and a half years after the operation, he complained only of a little headache, some vertiginous phenomena, and total deafness on the left side.
FOREIGN BODIES IN THE BRAIN.
We find spontaneous exclusion of the subarachnoid spaces 'from cases of foreign body in the brain. It presents itself in two different form'S: Either the meninges do not close because of rapid suppuration and a breach persists around which adhesions form, or the meninges close behind the projectile and their cicatrization leads to the formation of a fibrous coating. In the first case we are dealing with a fistulous brain collection. The treatment, then, consists in utilizing the track, dilating it in conformity with the technic described, and when the dilatation is sufficient to permit extracting the projectile to take it out with forceps under the control of the fluoroscopic screen. Such an instance is described in Case 12, for which I am indebted to my colleague Durrien, In the second case the treatment consists briefly in "following the lesion"-that is to say, in going exactly through the fibrous thickening which has excluded the subarachnoid spaces. I have employed this technic in a patient whom I treated in counsel with my friend Dionis du Sejour. In this case to extract the projectile, which was lodged in the parietal lobe at a depth of 3 cm., the bistoury was made use of, but making only a small buttonhole which did not go beyond the limits of the fibrous zone.
Here again the operation, which was followed by cure, was done without invading the subarachnoid spaces. CASE XII. This is a brief report, for which I am obliged to Dr. Durrien, The patient was Soldier P., of the 414th Infantry. He was wounded at Craonne, May 10, 1917, by a bursting shell which caused a fracture of his skull near the left temporal region, with issue of brain matter. A piece of metal about one centimeter square was lodged in the left temporal lobe near the second convolution, at a depth of :two centimeters.
When he entered the neurologic center, September 11, 1917, his symptoms were as follows: Headache, amnesia, slight brain torpor. No fever, pulse 60, exaggerated right rotation reflex, fundus of eye normal. Locally there 'Was a small fistula corresponding to the wound of entrance, with free suppuration. A pI'obe passed into the track entered deeply. In sum there was an intracerebral projectile about which a collection had formed and was draining externally. It was decided to operate by the exclusion method of Dr. Lemaitre.
Preparatory operation, September 24. Curvilinear frontal incision outlining a 'skin flap. The uncovered bony orifice was not larger than a SO centime piece. Trepanation, enlarge-ment with the gouge. A drop of pus exuding showed the site of the meningocephalic opening. This orifice was very small, hardly admitting the probe which at a depth of 2.5 ern. came in contact with the foreign body. No attempt was made to extract the latter, since the operation was for the sale purpose of dilating the meningeal opening and reinforcing the adhesions which had already excluded the dura mater about the fistulous track. To this end a drain of 2 mm. diameter was introduced into the fistula, requiring considerable force.
September 28. No meningeal reaction. The dilated track admitted a drain of 4 mm.
September 29. The former drain, which allowed the escape of a drop of pus, was replaced by a drain of 5 mm.
September 30. A drain of 6 mm. was put in with some difficulty .
October 1. Same drain as on the day before. October 2. Drain of 7 mm. Second operation, October 3. Extraction of the shell piece with forceps under guidance of the fluoroscopic screen. It was an irregularly rounded piece of shell with sharp projections measuring 7 or 8 mm. in diameter. Grasping the bit with the forceps was somewhat difficult, for it was movable and displaced apparently mote deeply into the temporal labe. Extraction, on the other hand, was accomplished easily, without tearing the walls of the dilated fistula. A drain 7 mm. long was put in.
The immediate postoperative results were good. There was no meningeal reaction, no fever, less headache, gradual resumption of cerebral function. From the time of operation the case was treated as an ordinary cerebral abscess. There was normal progress 'to cure until December 15. On that date the patient was absent four days without leave, during which time his wound was not dressed. December 19 he returned to the hospital with the following symptoms: Violent headache, brain torpor, left hemiparesis, sensory aphasia, word-blindness, rather pronounced word-deafness, no paraphasia, no papillary stasis, slight rigidity of the neck.
December 20. Same condition; temperature, 40°C. It was decided to operate. The operation consisted in replacing the drain in the old abscess cavity, from which abundant pus issued. In spite of drainage the symptoms increased during the subsequent days, and the patient died January 2, 1918.
At autopsy pus was found in the left lateral ventricle and in the third ventricle. There were scattered plaques of meningitis about the upper part of the-Rolandic fissure.
WOUNDS OF THE BRAIN, WITH OR WITHOUT HERNIA.
Wounds of the brain which do not immediately produce death tended to repair themselves by the formation of scar tissue which rapidly induces fibrous adhesions of the meninges and brain.
Patients of this kind present themselves to us after the injury with a wound in the midst of which the brain mass is seen more or less modified and with its periphery constituted by a cicatricial zone equivalent to the fibrous ring of fistulized cerebral or cerebellar collections. Just as in the case of such collections an exclusion of the subarachnoid spaces has been effected, which explains why the surgeon should respect the edges of the wound, although he may perform any maneuver required by the local condition of the patient.
The first case of this sort that I shall report was one with a large wound of the occipital region, from which projected a sphacelated hernia of the brain as large as a small orange. I was able to remove all the herniated material up to the immediate vicinity of the occipital cornu of the third ventricle, which was even opened, as I was able to determine at the first dressing.
The patient was operated on in September, 1915, recovered, and wrote to me eighteen months later that on returning to his home he was adjudged capable of army service.
The second case, quite analogous to the first, was one with a wound of the frontal lobe and a hernia of the brain, smaller but also sphacelated. The third case was a brain wound without hernia, in which on enlarging the bony opening the peripheral meningeal adhesions could be clearly recognized.
The fourth and last case was a wounded man who died of encephalitis four or five months after the operation, although he left the hospital apparently cured. In this connection it is understood that wounds of the cerebrum or cerebellum call for a very reserved and late prognosis.
Exclusion of the subarachnoid spaces, either spontaneous or induced, gives a sort of insurance against meningitis and hernia, but cannot be a great safeguard against the complications of encephalitis. Soldier V. was wounded in the head August 2, 1915, by a shell during an attack. He sustained shock with loss of consciousness for one or two hours. Without assistance he returned to the rear, was transported to a first aid station, then evacuated in an ambulance. The following day he was trephined for an occipital wound with extrusion of brain matter.
He arrived at the O. R. L. center at Clermont on August 2d. His symptoms on entry were as follows: Wound of the right paramedian occipital region; brain hernia the size of a small orange. General condition defective; considerable emaciation; intense headache; temperature normal; pulse slowed; vomiting. In the presence of these symptoms it was decided to operate quickly.
Operation consisted in: 1. Crucial incision enlarging the skin wound. 2. Enlargement of the trephined area from its original size. 3. Removal with a curette of all herniated necrotic brain matter, which appeared to be the posteroinferior portion of the occipital lobe. 4.. Inspection of the circumference of the meningeal wound, which showed adhesions to the brain. The adhesions were carefully respected.
Operative results: The necrosis lessened, vomiting became less frequent, and the general condition improved.
Locally, the brain wound did not tend to necrose further, but, <lit the first dressing a probe five or six centimeters entered the ventricle. Healing was accomplished by granulation and epidermization.
Hie left the hospital December 14, showing no symptoms other than slight headache and persistent hemianopsia.
AprilS of the following year, he wrote to me, saying that these symptoms still persisted. center at Clermont-Ferrand, November 14, with the following diagnosis: "Trepanation of the right frontal region; wound not cicatrized." On entering he presented locally a wound of the right frontal region with persistent and rather abundant suppuration.
Operation, November 20. Curvilinear incision, tracing a flap. Elevation of the periosteum. The cerebral hernia appeared to be the size of a nut jutting out through the trephined opening. The dura mater appeared healthy, at the periphery, and formed about the hernia, which it strangulated, a very evident fibrous ring which measured eight or ten millimeters in breadth. The hernia leaked pus from several small orifices.
The herniated brain matter was resected with a knife, and with a curette two small spicules were extracted from the subjacent brain. The skin wound was curetted, was then the size of a five franc piece, and after suture 0'£ the flap left an opening through which the brain wound could be explored. A flat, slightly compressive dressing was applied. Healing took place by granulation. February 21, 1916, the patient left the hospital and was sent to the ophthalmologic center for ocular prosthesis. Private I1 was wounded April 29, 1915, in the right frontal region by an exploding shell. He was taken to the evacuation post in an' ambulance, where he was trephined. July 22 he came to the Center because of "fistulaand suppuration near the right superciliary ridge." Cerebral pulsation persisted at the point of trepanation..
Operation: Incision in the eyebrow as for a frontal sinus operation; vertical incision above it corresponding to the cerebral pulsation; elevation of periosteum. The pus filled frontal sinus no longer had any posterior wall. Above it the brain, which was adherent to the skin, was denuded of its meningeal covering over a surface the size of a five franc piece. Around this area the meninges adhered to the brain like a fibrous coat. The frontonasal canal was curetted and the frontal bone was smoothed.with forceps. The skin was united by sutures save over the denuded cerebral convolutions, to which a slightly compressive flat dressing was applied.
Operative results were normal. February 16, 1918, he was sent to the hospital depot with a recommendation for service in the reserve. CASE; XVr.·-ABSCEssED HE;RNIA OF THE FRONTAL LOBE;. DEATH. Private C. was wounded at Beausejours June 21, 1915. He was evacuated by ambulance and trephined the same day. From there he was; sent to Hospital No.7 of the 15th Region, and sent to me October 14. On his entry there was noted slightly above and external to the sinus a brain hernia the size of a pigeon's egg covered with granulations and pulsating. The patient complained of headache and vertigo. His pulse was a trifle slow. There were no disordered reflexes and no fever.
Operation, October 19: Curvilinear incision forming a flap, elevation of periosteum, enlargement of the trepanation until normal dura was uncovered. The border of the cerebromeningeal wound was carefully respected, while, on the other hand, the central portion was curetted. Pus to the amount of a spoonful and a half was discharged.· With the curette two small spicules were brought up from the deeper tissues. A fenestrum of about four centimeters in diameter was made in the flap and the latter was sutured. A slightly compressive dressing was applied.
Operative results were normal. Healing was by granulation and epidermization. While awaiting presentation to the service commission the patient was sent on convalescence service. In January he was sent urgently to a hospital where he died of encephalitis.
Autopsy showed the signs of a diffuse encephalitis. It also established that besides cerebromeningeal adhesions there was a fibrous transformation of the meninges for a considerable distance about the traumatized area.
CONCLUSIONS.
1. The meninges, like all serosa, protect themselves by forming adhesions.
War wounds furnish us daily examples. These adhesions produce an actual spontaneous walling-off of the .subarachnoid spaces, comparable in every way to the exclusion of the greater peritoneal cavity.
The surgeon should respect these adhesions and sometimes add to their usefulness by reinforcing them.
2. The meninges when they are healthy may, at any desired point, be transformed into a fibrous layer.
This fibrous covering, whose formation is obtained at will, constitutes an induced exclusion of the subarachnoid spaces.
The surgeon should always do this when he intends to go into the brain.
3. Induced exclusion of the subarachnoid spaces can be accomplished almost infallibly by a simple precise technic.
4. The advantages of an induced exclusion are these: Meningitis is averted; brain hernia is avoided. 5. Meningeal exclusion finds application in the treatment of cerebral and cerebellar collections of whatever origin. It can also be applied in other varieties of brain surgery, such as the search for and extraction of certain foreign bodies.
6. Exclusion of the subarachnoid spaces, by its altering the prognosis in surgical affections of the cerebrum and cerebellum, seems to mark important progress in brain surgery.
